Introduction
============

Breast cancer (BC) was one of the most common types of cancer in US women in 2017 ([@b1-ol-0-0-11496]). Among the different subtypes, triple-negative breast cancer (TNBC) is defined by the absence of expression of the estrogen receptor (ER), progesterone receptor and the human epidermal growth factor receptor-2 or gene amplification ([@b2-ol-0-0-11496],[@b3-ol-0-0-11496]). These biologic characteristics confer TNBC with greater aggressiveness and relapse risk along with a worse prognosis compared with other subtypes of BC ([@b4-ol-0-0-11496],[@b5-ol-0-0-11496]). Limited options for systemic treatment exist for BC other than chemotherapy ([@b6-ol-0-0-11496]). BC heterogeneity has limited the successful development of targeted therapy ([@b7-ol-0-0-11496]). Currently, there are no approved targeted therapies for TNBC ([@b8-ol-0-0-11496]).

The epidermal growth factor receptor (EGFR) is essential for ductal morphogenesis during the development of normal mammary glands ([@b9-ol-0-0-11496]) and its upregulation in BC has been well documented ([@b10-ol-0-0-11496]). Previously, researchers report that the EGFR is commonly upregulated in TNBC compared with other BC subtypes and is associated with poor prognosis ([@b11-ol-0-0-11496]--[@b13-ol-0-0-11496]). EGFR inhibition is a promising approach for TNBC; however, minimal benefits have been observed by targeting TNBC in clinical studies ([@b14-ol-0-0-11496],[@b15-ol-0-0-11496]). The molecular mechanisms for the insensitivity of EGFR targeted therapy in patients with TNBC remain unclear ([@b16-ol-0-0-11496]).

Previously, Wang *et al* ([@b17-ol-0-0-11496]) reported a novel ER variant with a molecular weight of 36 kDa, ER-α36, which is located mainly in the plasma membrane and cytoplasm. ER-α36 differs from the estrogen receptor α-66 (ER-α66) as it lacks both transcriptional activation domains \[Activation factor (AF)-1 and AF-2\], but has the DNA-binding domain and partial ligand-binding domains. ER-α36 possesses a unique 27 amino acid domain that replaces the last 138 amino acids encoded by exons 7 and 8 of the ER-α66 gene. ER-α36 lacks intrinsic transcription ability, but mediates non-genomic estrogen signaling. ER-a36 is generated from a promoter located in the first intron of the ER-α66 gene, indicating that ER-α36 expression is regulated independently from ER-α66. Τhis is consistent with the findings that ER-α36 is expressed in cancer tissue specimens from patients with ER-negative BC and established ER-negative BC cells that lack ER-α66 expression ([@b18-ol-0-0-11496],[@b19-ol-0-0-11496]). It has been suggested that ER-α36 may mediate rapid estrogen signaling, which serves a role in anti-estrogen drug resistance in ER-positive BC and in chemotherapy resistance in ER-negative BC ([@b20-ol-0-0-11496]). ER-α36 mediates rapid estrogen and antiestrogen signaling and stimulates cell proliferation through the activation of the mitogen-activated protein kinase (MAPK/ERK) and the PI3K/AKT signaling pathways ([@b21-ol-0-0-11496]).

Icaritin is a prenylflavonoid derivative from the genus *Epimedium* that has been used in traditional Chinese medicine for centuries ([@b22-ol-0-0-11496]). Studies have demonstrated that icaritin can be used against different types of cancer. Icatrin can inhibit the proliferation and enhance the radio-sensitivity of BC cells ([@b23-ol-0-0-11496]); induce apoptosis of human endometrial cancer cells ([@b24-ol-0-0-11496]); and exhibit potent proliferation inhibition in chronic myeloid leukemia and suppress the growth of renal carcinoma cells ([@b25-ol-0-0-11496]). Recently, Wang *et al* ([@b26-ol-0-0-11496]) demonstrated that icaritin can decrease the expression of the ER-α36 protein in TNBC cells. Thus, it was speculated that the combined application of icaritin and the EGFR inhibitor for patients with TNBC may achieve improved results compared with the individual use of either drug.

In the present study, the function of the ER-α36 in EGFR targeted therapy-resistant TNBC was investigated. Furthermore, the efficiency of combination therapy with ER-α36 molecular inhibitor icaritin and EGFR inhibitor cetuximab for TNBCs was also evaluated.

Materials and methods
=====================

### Ethical approval

The study protocol was approved by the Animal Care and Use Committee of Third Military Medical University (Army Medical University, Chongqing, China).

### Chemicals and antibodies

E2β was purchased from Merck KGaA. The polyclonal anti-ER-α36 antibody was generated and characterized as described previously ([@b14-ol-0-0-11496]). Antibodies against EGFR (cat. no. 4267), ER-α66 (cat. no. 13258), glyceraldehyde 3-phosphate dehydrogenase (cat. no. 2118), AKT (cat. no. 9272), GAPDH (cat. no. 2118) and phospho-Akt (Ser473; cat. no. 4060) were all obtained from Cell Signaling Technology, Inc. Icaritin was purchased from Shenogen Pharma Group, Ltd., and cetuximab was obtained from Merck KGaA.

### Culture and treatment of cells

MCF-7, MDA-MB-231 and MDA-MB-436 cell lines were purchased from American Type Culture Collection. The MDA-MB-231 cell line is a well known cell line of highly aggressive, invasive and poorly differentiated TNBC established in 1978 ([@b27-ol-0-0-11496],[@b28-ol-0-0-11496]). The MDA-MB-436 cell line is also well known and possesses BRCA1 mutations ([@b29-ol-0-0-11496]). These cell lines were chosen as they are well studied, their behavior is highly predictable. The cells were maintained in DMEM containing 10% fetal calf serum and 1% penicillin/streptomycin (DMEM and fetal calf serum were purchased from HyClone; GE Healthcare Life Sciences and penicillin/streptomycin were purchased from Thermo Fisher Scientific, Inc.) at 37°C in an incubator containing 5% CO~2~. Prior to treatment with E2β and icaritin, cells were transferred to phenol red-free medium containing 2.5% charcoal-stripped fetal calf serum (HyClone; GE Healthcare Life Sciences) and maintained for 24 h.

### Establishment of stable cell lines

MDA-MB-231 and MDA-MB-436 cell lines with the ER-α36 expression knockdown using the short-hairpin (sh) RNA method were established as described previously ([@b30-ol-0-0-11496]). The ER-α36 shRNA plasmid, vehicle plasmid (pRNAT-U6.1/Neo) and anti-ER-α36 antibody were provided by Dr. Zhao-yi Wang (Department of Medical Microbiology and Immunology, Creighton University Medical School). Transfection of the plasmids were performed after cell confluency reached 60% within 24 h of seeding. Transfection reagent Lipofectamine^®^ 3000 (Invitrogen; Thermo Fisher Scientific, Inc.) was used for plasmid transfection according to the manufacturer\'s instructions. A total of 10 µg plasmid/1×10^6^ cells was incubated for 12 h at 37°C in a humidified atmosphere with 5% CO~2~. At 48 h post-transfection, the appropriate antibiotic (neomycin; Sigma-Aldrich; Merck KGaA) was used to screen the transfected cell lines for 3 weeks, and \>20 clones of selected cells were pooled and termed MDA-MB-231/V and MDA-MB-231/Sh36 or MDA-MB-436/V and MDA-MB-436/Sh36, respectively. The efficiency of ER-α36 shRNA plasmid transduction was determined by western blotting using anti-ER-α36 antibody (1:1,000).

### Cell proliferation assay

Cells were seeded in 60-mm petri dishes at a final concentration of 5×10^4^ cells/dish. After 24 h, the indicated concentrations of cetuximab (1, 5, 10, 50 and 100 µg/ml), icaritin (1, 2.5, 5, 7.5 and 10 µM), cetuximab (100 µg/ml) + icaritin (1, 2.5, 5, 7.5 and 10 µM) or control DMSO were added. After 7 days of culture, cell numbers were determined using the Countess II Automated Cell Counter (Thermo Fisher Scientific, Inc). All cells were maintained at 37°C and 5% CO~2~ in a humidified incubator.

### Western blotting

Cells were washed twice with cold phosphate-buffered saline (PBS) and extracted on ice with RIPA buffer (Beyotime Institute of Biotechnology) containing 1% phenylmethane sulfonyl fluoride and 1% phosphatase inhibitor cocktail solution (Beyotime Institute of Biotechnology). Protein concentrations were quantified using a Bicinchoninic Acid Protein Assay kit (Bio-Rad Laboratories, Inc.). Cell lysates were boiled for 5 min in sodium dodecyl sulfate gel-loading buffer and stored at −20°C for western blotting. Cell lysates containing 50 µg protein were separated using 10% sodium dodecyl sulfate--polyacrylamide gel electrophoresis and transferred to polyvinylidene fluoride (PVDF) membranes (EMD Millipore). PVDF membranes were blocked for 1 h at room temperature with 5% non-fat milk, and incubated with primary antibody diluted (1:1,000) in 5% non-fat milk overnight at 4°C. Next, the membranes were incubated with horseradish peroxidase-conjugated secondary antibody (Cell Signaling Technology, Inc.; 1:4,000) at room temperature for 1 h and developed using an ECL Western Blotting Analysis System (GE Healthcare). GAPDH was used as the control. The density of the immunoreactive bands was quantified using Image J V1.8 (National Institutes of Health).

### Flow cytometry

Cells (2×10^5^/well) in 6-well plates were treated with the indicated concentrations of cetuximab, icaritin, cetuximab + icaritin or control DMSO were added for 24 h, collected and washed twice in ice-cold PBS. The apoptosis assay was conducted using an Annexin V-FITC apoptosis detection Kit (Beyotime Institute of Biotechnology) according to the manufacturer\'s instructions and a BD Accuri™ C6 Flow Cytometer (Becton, Dickinson and Company) was used for fluorescence detection. The results were analyzed using FlowJo 7.6 software (Becton, Dickinson and Company).

### Construction of an orthotopic mouse model of BC

A suspension of MDA-MB-231 and MDA-MB-436 cells in a PBS-Matrigel (v/v, 1:1) solution was implanted in the mammary fat pads of female NOD/SCID mice (n=40; age, 4--6 weeks; and weight: 18--20 g) obtained from the Animal Center of the Third Military Medical University. Each mouse was inoculated with 1×10^6^ tumor cells. The tumor volume was calculated as length × width^2^/2. After the tumors had reached 6--8 mm in diameter, mice were grouped randomly (5 per group) and injected (i.v.) with control (0.9% NaCl), cetuximab (2 mg/kg/week), icaritin (50 mg/kg/week) or cetuximab + icaritin (equivalent dose/week). According to the guidelines of IACUC, the mice were euthanized within 48 h when the diameter of the xenografts reached 1.5 cm.

### Statistical analyses

All assays were repeated at least 3 times. Data were described as the mean ± standard deviation (SD) or standard error of mean (SEM) as indicated. Two-sided paired Student\'s t-tests were used to compare the differences between two groups. One-way ANOVA was used for the comparison of multiple groups, followed by the Bonferroni\'s post-hoc test. Statistical analyses were performed using SPSS v.19 (IBM Corp). P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### High expression of ER-α36 activates the PI3K/AKT signaling pathway downstream of the estrogen receptor

MDA-MB-231 and MDA-MB-436 cell lines expressed high levels of ER-α36 and EGFR compared with MCF7 of ER-positive cell, but undetectable levels of the full length ER-α ([Fig. 1A](#f1-ol-0-0-11496){ref-type="fig"}). Following treatment with increasing concentrations of E2β in MDA-MB-231 and MDA-MB-436 cells, western blotting was conducted with a phosphorylation-specific anti-AKT antibody. Basal AKT phosphorylation was notably increased in MDA-MB-231 and MDA-MB-436 cells, particularly at E2β 1 µM concentration ([Fig. 1B](#f1-ol-0-0-11496){ref-type="fig"}). To determine if ER-α36 mediated the activation of mitogenic estrogen signaling in these ΤΝΒC cell lines, a stable knockdown of ER-α36 cells by shRNA in MDA-MB-231 and MDA-MB-436 cells was performed. Western blotting demonstrated that ER-α36 expression was down-regulated by \~80% in shRNA-transfected cells compared with control cells ([Fig. 1C](#f1-ol-0-0-11496){ref-type="fig"}). E2β treatment failed to induce AKT phosphorylation in the MDA-MB-231 cell line following ER-α36 knockdown. Similar results were observed in the MDA-MB-436 ER-α36-knockdown cell line ([Fig. 1D](#f1-ol-0-0-11496){ref-type="fig"}). These results suggested that estrogen may activate the downstream PI3K/AKT signaling pathway through ER-α36.

### Icaritin downregulates the expression of ER-α36 and inhibits E2β-stimulated AKT phosphorylation

The structure of icaritin was shown in [Fig. 2A](#f2-ol-0-0-11496){ref-type="fig"}. Western blotting revealed that icaritin treatment potently reduced ER-α36 expression in both TNBC cell lines ([Fig. 2B](#f2-ol-0-0-11496){ref-type="fig"}). The EGFR inhibitor cetuximab was used to treat MDA-MB-231 and MDA-MB-436 cells for 30 min prior to stimulation with EGF and E2β. EGF-stimulated AKT phosphorylation was inhibited by the EGFR inhibitor cetuximab, however, cetuximab failed to influence E2β-stimulated AKT phosphorylation in the two TNBC cancer cell lines ([Fig. 2C](#f2-ol-0-0-11496){ref-type="fig"}). In icaritin-treated E2β-stimulated TNBC cells, AKT phosphorylation was inhibited ([Fig. 2C and D](#f2-ol-0-0-11496){ref-type="fig"}). These results suggested that E-α36-mediated activation of the estrogen signaling pathway may be associated with EGFR-targeted treatment failure in TNBC cells.

### Cetuximab plus icaritin inhibits TNBC cell proliferation and induces apoptosis

To determine whether the effects of the combined application of cetuximab and icaritin on the proliferation of TNBC cells were stronger compared with cetuximab or icaritin treatment alone, different concentrations of cetuximab were tested in MDA-MB-231 cells. The quantity of MDA-MB-231 cells did not decrease significantly, even in the highest dose group of 100 µg/ml cetuximab ([Fig. 3A](#f3-ol-0-0-11496){ref-type="fig"}). Next, MDA-MB-231 cell were treated with different concentrations of icaritin, and the mean percentages of cells were 1 µM, 99.09±4.80%; 2.5 µM, 93.99±6.62%; 5 µM, 83.52±6.77%; 7.5 µM, 66.4%±5.658 and 10 µM, 41.35±7.00% ([Fig. 3A](#f3-ol-0-0-11496){ref-type="fig"}). To identify the combined effects, MDA-MB-231 cells were treated with cetuximab + icaritin; the mean percentages of cells were as follows: 100 µg/ml cetuximab + 1 µM icaritin, 94.45±6.58%; ,100 µg/ml cetuximab + 2.5 µM icaritin, 81.84±4.55%; 100 µg/ml cetuximab + 5 µM icaritin, 66.01±8.75%; 100 µg/ml cetuximab + 7.5 µM icaritin, 47.32±5.82%; and 100 µg/ml cetuximab + 10 µM icaritin, 22.99±4.05% ([Fig. 3A](#f3-ol-0-0-11496){ref-type="fig"}). The combined administration of icaritin and cetuximab was more effective in inhibiting the proliferation of MDA-MB-231 cells at 100 µg/ml cetuximab + 2.5 µM icaritin compared with icaritin or cetuximab alone ([Fig. 3A](#f3-ol-0-0-11496){ref-type="fig"}). Similarly, the combination strategy significantly reduced the mean percentages of cells compared with single drug treatment in MDA-MB-436 cells ([Fig. 3A](#f3-ol-0-0-11496){ref-type="fig"}). These results suggested that once the EGFR and ER signaling pathways were suppressed simultaneously, the proliferation of TNBC cells was inhibited more potently.

To ascertain whether this inhibition was caused by apoptosis, the Annexin V/PI double labeling apoptosis assay was performed. The percentages of apoptotic cells in the combination groups were as follows: 100 µg/ml cetuximab + 5 µM icaritin, 24.35±2.14%; 100 µg/ml cetuximab + 7.5 µM icaritin, 39.85±2.26%; and 100 µg/ml cetuximab + 10 µM icaritin, 48.19±3.34%, which were higher compared with the cetuximab alone treatment group (21.47±1.81%) or icaritin gradient treatment group (5 µM icaritin, 17.80±1.15%; 7.5 µM icaritin, 27.45±2.06%; 10 µM icaritin, 33.85±2.53%) ([Fig. 3B and C](#f3-ol-0-0-11496){ref-type="fig"}). Similar results were also obtained using the MDA-MB-436 cell line ([Fig. 3B and C](#f3-ol-0-0-11496){ref-type="fig"}). Together, these results demonstrated that the combination of cetuximab and icaritin may more effectively promote the apoptosis of TNBC cells compared with either drug used alone. ([Fig. 3B and C](#f3-ol-0-0-11496){ref-type="fig"}).

### Therapeutic effects of the combined treatment with cetuximab and icaritin on TNBC cells in vivo

To evaluate the effects of cetuximab monotherapy, icaritin monotherapy and combined treatment on TNBC cells in MDA-MB-231 and MDA-MB-436 ×enografts, human BC cell xenografts were created in immunocompromised NOD/SCID mice using MDA-MB-231 or MDA-MB-436 cells. The mice were divided into 4 groups: Control, cetuximab, icaritin and cetuximab + icaritin ([Fig. 4A and B](#f4-ol-0-0-11496){ref-type="fig"}). Cetuximab monotherapy was ineffective in MDA-MB-231 ×enografts \[tumor doubling time (TDT)=12±2 days, N.S.\] compared with the control (TDT=12±3 days, P=0.556) and icaritin monotherapy (TDT=21±3 days, P\<0.001; [Fig. 4A](#f4-ol-0-0-11496){ref-type="fig"}) groups. The combined therapy induced a significant reduction in the tumor growth of MDA-MB-231 ×enografts compared with cetuximab (P\<0.001) or icaritin (P\<0.001) monotherapy. Similar results could be observed in the xenografts derived from the MDA-MB-436 cell line ([Fig. 4B](#f4-ol-0-0-11496){ref-type="fig"}). These results indicated that the combination of cetuximab and icaritin exhibited greater therapeutic effects compared with those elicited by cetuximab monotherapy or icaritin monotherapy.

Discussion
==========

The EGFR regulates the development of epithelial tissue and maintains homeostasis. The EGFR is a driver of tumorigenesis in lung cancer, BC and glioblastoma ([@b31-ol-0-0-11496]). Inappropriate activation of the EGFR in cancer results mainly from amplifications and point mutations at the genomic locus ([@b32-ol-0-0-11496]). Experimental and clinical studies ([@b11-ol-0-0-11496],[@b33-ol-0-0-11496]) have suggested that EGFR expression in TNBC is higher compared with other subtypes of BC, and that EGFR expression is associated with a poor prognosis, the 5-year disease free survival (DFS) for EGFR-positive and EGFR-negative patients were 69.0% and 83.8%, respectively. DFS was significantly poorer for the EGFR-positive patients (HR=2.11, P=0.011) ([@b34-ol-0-0-11496]). Thus, EGFR inhibition is a promising approach against TNBC. Although, a variety of EGFR inhibitors have been developed, clinical studies have reported that the use of cetuximab alone in the treatment of patients with TNBC did not achieve the expected results, and most TNBC patients exhibit sustained activation of the PI3K/AKT signaling pathway downstream of the EGFR, suggesting that most had alternate mechanisms for pathway activation ([@b35-ol-0-0-11496]).

Previously, Zhang *et al* ([@b36-ol-0-0-11496]) reported that E2β-stimulated proliferation of ER-negative BC cells is through a novel variant of the ER, ER-α36. It has also been demonstrated that E2β induced the physical interaction between ER-α36 and Src, and consequently, the auto-phosphorylation of Src-Y416 in ER-negative BC cells ([@b37-ol-0-0-11496]). In the present study, ER-α36 was upregulated in TNBC cell lines, and it was demonstrated that E2β serves an important role in activating the downstream PI3K/AKT signaling pathway by binding to ER-α36. These results are consistent with those of Tsai *et al* ([@b38-ol-0-0-11496]) who reported that E2β could induce PI3K/AKT phosphorylation in MDA-MB-231 ER-negative cells. Friedl *et al* ([@b39-ol-0-0-11496]) reported that the malignant growth of MD-MB-231 cells was stimulated by estrogen in immunodeficient mice. Therefore, the role of estrogen may be beyond classical activation of ER signaling. These data suggest that non-genomic and mitogenic estrogen signaling is retained in TNBC cells ([@b39-ol-0-0-11496]). Therefore, knowing the specific signaling pathway is important for therapeutic strategies targeting ER-α36. Τhe present study demonstrated that icaritin effectively downregulated the expression of ER-α36, inhibited TNBC cell proliferation and induced apoptosis. However, the present study did not demonstrate that the effects of icaritin on the proliferation and apoptosis of TNBC cells were directly due to ER-α36 inhibition, future studies are required to ascertain this.

The present study demonstrated that EGF and estrogen activated the AKT signaling pathway. *In vitro*, MDA-MB-231 and MDA-MB-436 cells starved for 24 h in low-concentration serum and a phenol red-free environment, which has a weak estrogen-like effect, were used to investigate estrogen activation of the AKT signaling pathway. Cetuximab alone inhibited the activation of the AKT signaling pathway induced by EGF. In mice, the presence of endogenous estrogen activated the AKT signaling pathway, therefore, cetuximab alone was not sufficient to inhibit the activation of the AKT signaling pathway and tumor growth. This result was consistent with the hypothesis of an AKT bypass activation mechanism by the ER-α36 mediated rapid estrogen signaling pathway in TNBC cells.

In summary, the existence of ER-α36-mediated rapid estrogen signaling bypass activation AKT signaling pathway was demonstrated in TNBC cells. This ER-α36 mediated rapid estrogen signaling pathway is one of the mechanisms for the resistance of TNBC cells to EGFR-targeted therapy. It was also revealed that the combination of the ER-α36 molecular inhibitor icaritin and the EGFR inhibitor cetuximab may more effectively inhibit the proliferation and promote the apoptosis of TNBC cells compared with either individual drug. The current data may help to develop novel therapeutic strategies against TNBC.
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![High expression of ER-α36 mediates estrogen signaling via the PI3K/AKT signaling pathway in TNBC cells. (A) Western blots displaying the expression of ER-α66, ER-α36 and EGFR in an ER-positive breast-cancer cell line (MCF7) and TNBC cell lines (MDA-MB-231 and MDA-MB-436). (B) MDA-MB-231 and MDA-MB-436 cells were treated with different concentrations (M) of estrogen for 30 min, and AKT phosphorylation levels were investigated by western blotting. (C) Western blots representing ER-α36 expression in variants of MDA-MB-231 and MDA-MB-436 cells; parental cells, MDA-MB-231/P and MDA-MB-436/P; control cells transfected with the empty vector, MDA-MB-231/V and MDA-MB-436/V; and ER-α36 expression knockdown cells, MDA-MB-231/sh36 and MDA-MB-436/sh36. (D) Western blots representing the effects of E2β (1 µM) on the phosphorylation and expression of AKT in variants of MDA-MB-231 and MDA-MB-436 cells, as well as the fold-change of p-AKT/AKT. GAPDH was used as a loading control. Data are presented as the mean ± SEM from three independent experiments. \*\*P\<0.01 and \*\*\*P\<0.001. ER-α36, estrogen receptor α-36; ER-α66, estrogen receptor α-66; EGFR, epidermal growth factor receptor; TNBC, triple negative breast cancer; E2β, 17β-estradiol; p, phosphorylated.](ol-19-06-3950-g00){#f1-ol-0-0-11496}

![ICT down-regulates ER-α36 expression and inhibits E2β-stimulated AKT phosphorylation. (A) Chemical structure of ICT. (B) Western blots of ER-α36 expression in MDA-MB-231 and MDA-MB-436 cells treated with different concentrations (M) of icaritin for 12 h. (C) Western blots demonstrating the effects of E2β (1 µM) or EGF (50 ng/ml) on the phosphorylation and expression of AKT in MDA-MB-231 and MDA-MB-436 cells treated with 10 µM of ICT or 100 µg/ml of CTB for 12 h, and (D) fold change of p-AKT/AKT. GAPDH was used as a loading control. Data presented as mean ± SEM obtained from three independent experiments. \*\*P\<0.01 and \*\*\*P\<0.001. CTB, cetuximab; ICT, icaritin; ER-α36, estrogen receptor α-36; EGF, epidermal growth factor; E2β, 17β-estradiol; p, phosphorylated.](ol-19-06-3950-g01){#f2-ol-0-0-11496}

![ICT and CTB co-treatment inhibits the proliferation and induce the apoptosis of TNBC cells. (A) Cell numbers (% of control) of MDA-MB-231 and MDA-MB-436 cells compared between CTB (1, 5, 10, 50 and 100 µg/ml), ICT (1, 2.5, 5, 7.5 and 10 µM) and CTB (100 µg/ml) + ICT (1, 2.5, 5, 7.5 and 10 µM) treatment for 7 days. (B and C) Apoptosis assay performed using MDA-MB-231 and MDA-MB-436 cells treated with CTB (10, 50 and 100 µg/ml), ICT (5, 7.5 and 10 µM) and CTB (100 µg/ml) + ICT (5, 7.5 and 10 µM) treatment for 24 h. Data presented as mean ± SD obtained from three independent experiments. \*P\<0.05, \*\*P\<0.01 and \*\*\*P\<0.001. CTB, cetuximab; ICT, icaritin; TNBC, triple-negative breast cancer.](ol-19-06-3950-g02){#f3-ol-0-0-11496}

![Xenograft mouse models derived from MDA-MB-231 and MDA-MB-436 cell lines treated with cetuximab monotherapy, icaritin monotherapy or cetuximab + icaritin. After the xenografts reached 6--8 mm in diameter, the mice were grouped randomly (5 mice/group) and injected (i.v.) with control, NaCl, 0.9%; cetuximab, 2 mg/kg/week; icaritin, 50 mg/kg/week or cetuximab + icaritin, equivalent dose/week to treat (A) MDA-MB-231 and (B) MDA-MB-436 tumors. Tumor diameter was measured every 3 days. The xenografts and growth curves of tumors are displayed.](ol-19-06-3950-g03){#f4-ol-0-0-11496}
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